Abstract
3

Introduction 24
Rainfall-runoff models are the essential tools for prediction of catchment streamflow and 25 are applied for numerous tasks in hydrology. These tasks include: short-term streamflow 26 forecasting [Zealand et al., 1999 contains six free calibration parameters. We first determine which model parameters are to be 79 considered as important (or not important) based on their sensitivity to our objective function.
80
We then compare the model performance at ungauged catchments by selectively transferring the 81 different types of parameters. Both spatial proximity and physical similarity approaches are used 82 to identify the donor gauged catchments for parameter transfer. 
Data and Model
85
Data
86
We use daily streamflow data of 756 catchments from U. S. Geological Survey's Hydro-
87
Climate Data Network (HCDN) (Slack et al., [1993] ; see Figure 1 ). conceptualizes the catchment as a bucket store (Figure 2 ). The water balance equation of the 107 catchment bucket is as follows: 
125
(Appendix E in that book). esat is the saturation vapor pressure (unit: kPa), calculated as:
127
The amount of runoff generated from the catchment bucket depends on the amount of water 128 stored in it and is calculated using a TOPMODEL [Beven and Kirkby, 1979] type equation:
where, Qmax is the maximum runoff produced by the catchment bucket (unit: mm/day) when its 131 storage reaches the maximum capacity, and f is the parameter controlling the storage-dependent 132 decline in runoff (unit: mm -1 ).
Methods
8
In Table 2 ). This baseline scenario is illustrated as Run 1 in Figure 3 , where the solid gray bar However, from the three parameters of the catchment bucket, we find that only Qmax remains
198
insensitive over its entire range in both catchments. 
Parameter estimation at ungauged catchments
200
We use both physical similarity and spatial proximity based approaches to identify the 201 donor gauged catchments for parameter transfer. In the physical similarity approach, physio- soil permeability, solar radiation, percentage precipitation as snow, and aridity index (P/PET).
206
The attribute distance between the catchments is calculated as follows: Tmin, and Tmax) are assigned a random value within their parameter range (see Table 2 ). In 
251
We first compare the spatial proximity and physical similarity approaches in terms of constrained since it is conceptually related to the lateral conductivity of a saturated soil column.
326
However, due to our incomplete knowledge of the internal heterogeneity and macropore 327 structure of soils within the catchment, this parameter might have become insensitive in practice. 
Concluding remarks
382
In this study, we tested the hypothesis that there is some core information, contained understand the information that controls predictability at ungauged catchments.
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413
Water balance of the snow bucket is as follows:
Where, snow S is the storage in snow bucket (unit: mm), and M is the snowmelt (unit: mm/day).
416
The amount of snowmelt M is modeled using the thermal degree-day concept as follows: 
